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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the performance of a high 
electron mobility transistor having a hetero structure of AlxGai- 
xN/GaN, made of a compound semiconductor, having a hetero 
structure channel, having extra-high power and extra-high withstand 
voltage, and intended for high speed and high frequency, by 
effectively utilizing a large piezo-effect produced by the hetero 
structure in designing a device structure. 

SOLUTION: This semiconductor device is a high electron mobility 
transistor having a double hetero structure including a substrate side 
barrier layer made of AlxGai-xN manufactured on a substrate, a 
channel layer made of GaN or InGaN, and a barrier layer made of 
AlxGai-xN of the substrate surface side, wherein the Al composition of 
the barrier layer of the substrate surface side is larger than that of the 
barrier layer of the substrate side. Further, the thickness of the 

channel layer and the thickness of the barrier layer of the substrate surface side are in a range producing 
no lattice relaxation. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the field-effect 
transistor which consists of a compound semiconductor for the high-speed RFs of the super-high 
power and super-high pressure-proofing which has a hetero structure channel. 
[0002] 

[Description of the Prior Art] Since the HEMT (HEMT) "AlXGal-XN/GaN HEMT" which has AlXGal- 
XN/GaN hetero structure has the high ionization by collision energy of GaN which high two- 
dimensional concentration of electrons is obtained by the big conduction band discontinuity (it 
is about 2. leV by aluminum composition X= 1.0) in AlXGal-XN/GaN hetero structure, and serves as 
a channel layer (about 5. 3eV) , the high power and quantity proof-pressure operation which 
exceeds the GaAs system HEMT are possible for it. In here, the very big piezo electric field 
effect resulting from the grid mismatching between an AlXGal-XN layer and a GaN layer exists in 
AlXGal-XN/GaN hetero structure. For this reason, for the further highly-eff icient-izing of 
AlXGal-XN/GaN HEMT, it is indispensable to take the piezo electric field effect into 
consideration in a device design, and realization of the new HEMT device structure where this 
effect was used is needed. 
[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention takes into 
consideration the big piezo electric field effect produced along with this hetero structure in 
a device design, and is in the place which achieves highly eff icient-ization of a field-effect 
transistor which consists of a compound semiconductor for the high-speed RFs of the super-high 
power and the super-high pressure-proofing which has a hetero structure channel according to 
the new device structure which used this effect effectively in HEMT which has AlXGal-XN/GaN 
hetero structure. 
[0004] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
is considered as composition like a publication at a claim. That is, this invention uses 
aluminum composition of the barrier layer by the side of the above-mentioned substrate front 
face as the semiconductor device greatly constituted from aluminum composition of the barrier 
layer by the side of the above-mentioned substrate in the HEMT which has the double hetero 
structure constituted including the barrier layer by the side of the channel layer which 
consists of the barrier layer, GaN, or InGaN by the side of the substrate which consists of 
AlXGal-XN according to claim 1 produced on the substrate like, and the substrate front face 
which consists of AlXGal-XN. Thus, AlXGal-XN/GaN of the both sides by the side of a substrate 
front face [ in / double hetero structure / in this invention ], and a substrate, Or the 
piezoelectric effect in an AlXGal-XN/ InGaN hetero interface is used. By reducing effectively 
the two-dimensional electron-distribution width of face in GaN or an InGaN channel, and 
increasing the aluminum composition X of the AlXGal-XN layer by the side of a substrate front 
face Since prevention or concentration of electrons can be increased, reduction of the 
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concentration of electrons accompanying reduction of the above-mentioned channel width 
Consequently, HEMT which has a high concentration two-dimensional electron with small electron- 
distribution width of face is realizable, and an aspect ratio is high and it is effective in 
high highly efficient HEMT of a mutual conductance (gm) being obtained. Moreover, in a claim 1, 
the thickness of a channel layer and the barrier layer by the side of a substrate front face 
uses this invention as the semiconductor device made into the range according to claim 2 which 
does not produce grid relief like. Thus, by setting the thickness of a channel layer and the 
barrier layer by the side of a substrate front face as the thickness which grid relief does not 
produce, the effect of a piezo charge is acquired effectively and it is effective in highly 
efficient HEMT being realizable. Moreover, let this invention be a semiconductor device in the 
layer-structure condition field of the range surrounded with the line A by which the combined 
condition of the composition difference of aluminum composition of the barrier layer by the 
side of a substrate front face and aluminum composition of the barrier layer by the side of a 
substrate and the thickness of the barrier layer by the side of the above-mentioned substrate 
front face is shown in drawing 11 in a claim 1 or a claim 2 like, Line B, Line C, Line D, and 
Curve E according to claim 3. Thus, by using the layer-structure condition field shown in 
drawing 11, an aspect ratio is high and there is an effect which can produce easily high highly 
efficient HEMT of a mutual conductance (gm) by the high yield. 

[0005] Drawing 11 is what shows the layer-structure condition field in the layer structure of 
AlXIGal-Xl N/GaN/AlX2Gal-X2N HEMT of this invention (0<X2<X1 <=1). On a vertical axis, the 
aluminum composition XI of the AlXIGal-Xl-N barrier layer by the side of a substrate front 
face, In the rectangular coordinates system which took aluminum composition difference (X1-X2) 
with the aluminum composition X2 of the AlX2Gal~X2-N barrier layer by the side of a substrate, 
and took the thickness (dBl) of the AlXIGal-Xl-N barrier layer by the side of a substrate front 
face along the horizontal axis the segment to a 100A [ of thickness of aluminum composition 
difference (X1-X2) 0. 9 of a vertical axis, and the barrier layer of a horizontal axis ] (dBl) 
crossing (a) — with A The curve E which shows the limitation of grid relief of the thickness 
(dBl) of the above-mentioned barrier layer from the above-mentioned crossing (a) to a 500A [ of 
thickness of aluminum composition difference (X1-X2) 0. 2 of a vertical axis, and the barrier 
layer of a horizontal axis ] (dBl) crossing (b) the perpendicular segment from the above- 
mentioned crossing (b) to a horizontal-axis top — D, the segment B to 0. 9 of a vertical axis, 
and the segment to 500A of a horizontal axis — the structure which exists in the layer- 
structure condition field surrounded by C is used [0006] In AlXGal-XN/GaN HEMT of this 
invention, by reducing the distribution width of face of the two-dimensional electron gas in a 
channel, it is effective to improve an aspect ratio and to increase a mutual conductance (gm), 
and it is advantageous for the further highly-eff icient-izing to use the double hetero 
structure where the GaN channel layer with width of face narrow for that was inserted by two 
AlXGal-XN barrier layers. However, in case reduction of channel width reduces GaN channel 
width, it is effective [ reduction ], since it generally leads reduction of the two-dimensional 
concentration of electrons in which induction is possible to a channel by increasing the 
aluminum composition X of an AlXGal-XN barrier layer to aim at prevention or increase of 
concentration of electrons for reduction of the above-mentioned concentration of electrons by 
enlarging conduction band discontinuity of a hetero interface more. On the other hand, in 
AlXGal-XN/GaN hetero structure, when [ resulting from the lattice strain between an AlXGal-XN 
layer and a GaN layer ] the big piezo electric field effect exists very much and grid relief 
has not arisen at all, in aluminum composition X= 10, the positive or negative, very big piezo 
charge of 3xl013-/cm2 arises in a hetero interface. For this reason, in case AlXGal-XN/GaN HEMT 
is designed, even if it is ** in the case of the usual single hetero structure HEMT and is the 
case of the above-mentioned double hetero structure HEMT, it is indispensable to take the piezo 
electric field effect into consideration by any case. The piezoelectric effect in the AlXGal- 
XN/GaN hetero interface of the both sides by the side of the substrate front face in double 
hetero structure and a substrate is used for this invention. By reducing effectively the two- 
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dimensional electron-distribution width of face in a GaN channel, and increasing the aluminum 
composition X of the AlXGal-XN layer by the side of a substrate front face Highly efficient 
AlXGal-XN/GaN HEMT which increases prevention or concentration of electrons in reduction of the 
concentration of electrons accompanying reduction of GaN channel width, consequently has a high 
concentration two-dimensional electron with small electron-distribution width of face is 
realized, and the above-mentioned technical problem is solved. 

[0007] The conceptual diagram of the potential structure of the double hetero structure HEMT by 
this invention is shown in drawing 1 and drawing 2 . Drawing 1 is the conceptual diagram of the 
potential structure of the double hetero structure HEMT by this invention "AlXIGal-Xl 
N/GaN/AlX2Gal-X2N HEMT" (0<X1, X2 <=1). the point that the aluminum composition XI of the point 
that the big piezo electric field effect by the lattice strain exists also in any of two 
barrier layer interfaces which, as for the fundamental feature of the potential structure of 
di:9>IlM...l > a GaN channel layer adjoins, and the AlXIGal-Xl-N barrier layer by the side of a 
substrate front face is larger than the aluminum composition X2 of the AlX2Gal-X2~N barrier 
layer by the side of a substrate — it comes out Drawing 2 is the conceptual diagram of the 
potential structure of the double hetero structure HEMT by this invention "AlXIGal-Xl N/InYGal- 
YN/AlX2Gal-X2N HEMT" (0<X1, X2 <=1, 0< Y<=1), and when InYGal-YN (0< Y<=1) is used as a channel 
layer, it applies this invention shown in drawing 1 . The fundamental feature of the potential 
structure of drawing 2 is completely the same as the fundamental feature of the potential 
structure of drawing....l . An operation of the potential structure by this invention shown by 
above-mentioned drawing 1 and drawing 2 is explained using drawing 3 - drawing 8 . First, an 
operation of the piezo electric field effect in this invention is explained using drawing 3 and 
drawing 4 . Drawing 3 shows typically the potential configuration of double hetero structure 
AlXGal-XN/GaN/AlXGal-XN HEMT at the time of presupposing that the piezo electric field effect 
does not exist at all virtually, and the situation of a distribution of a two-dimensional 
electron. Compared with the single hetero structure HEMT usual in the double hetero structure 
HEMT, the advantageous situation is shown to drawing 3 by in that it gets that electron- 
distribution width of face is reduced by reduction of channel ****. Drawing 4 shows typically 
the potential configuration of double hetero structure AlXGal-XN/GaN/AlXGal-XN HEMT in case the 
big piezo electric field effect by the lattice strain exists also in any of two barrier layer 
interfaces which a GaN channel layer adjoins, and the situation of a distribution of a two- 
dimensional electron. As a result of an electron's being able to draw near to a substrate 
front-face side, signs that electron-distribution width of face is reduced are shown to drawing 
4 by the strong electric field by the both sides of the negative piezo charge produced in the 
positive piezo charge produced in the substrate front-face side hetero interface, and the 
substrate side hetero interface. Thus, it is possible by using the piezo electric field effect 
effectively according to double hetero structure to promote reduction of the distribution width 
of face of a two-dimensional electron. Although misfit transposition will occur in the 
interface of a substrate and a thin film more than in it bordering on the so-called critical 
thickness and grid relief will arise if thickness is increased when forming the thin film in 
which grid mismatching exists to a substrate, generally, grid relief advances imperfectly and a 
fixed lattice strain remains, therefore, although the effect of a piezo charge can be acquired 
based on the technical thought of the invention in this application even if it adopts the 
thickness beyond critical thickness, it is desirable to hold down more effectively the 
thickness which is a channel layer and a barrier layer by the side of a substrate front face to 
below critical thickness Next, an operation of the obstruction effect of the substrate front- 
face side AlXGal-XN barrier layer in this invention is shown using drawings and drawing 6 . 
Drawing 5 is what showed typically change of the potential configuration when increasing the 
aluminum composition X of an AlXGal-XN barrier layer in single hetero structure AlXGal-XN/GaN 
HEMT in case the piezo electric field effect exists, and signs that a more high-concentration 
two-dimensional electron can make an AlXGal-XN obstruction high by increase of the aluminum 
composition X so that induction may be possible are shown. In drawing 5 , the aluminum 
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composition X of an AlXGal-XN barrier layer is carrying out [ that it can increase and ] 
critical-value X=XHS, without introducing misfit transposition into an AlXGal-XN/GaN hetero 
interface, drawing 6 should pass critical-value X=XHS [ in / drawing 5 / for the aluminum 
composition X of the AlXIGal-XIN barrier layer by the side of a substrate front face ] 
(XHS<XHD) from X1-X2-XL to X1=XHD in double hetero structure AlXIGal-Xl N/GaN/A 1 X2Ga 1 -X2NHEMT - 
- change of the potential configuration at the time of making it increase is shown typically 
Since the crystal lattice of the GaN layer in double hetero structure is distorted by the 
AlX2Gal-X2N layer by the side of a substrate, the situation which aluminum composition XI of 
the AlXIGal-Xl-N barrier layer by the side of a substrate front face is made larger than 
critical-value X=XHS in the single hetero structure of drawing 5 , and can carry out it like 
X2=XHD>XHS is shown in drawing 6 . Thus, it is possible by making aluminum composition XI of 
the AlXIGal-Xl-N barrier layer by the side of a substrate front face larger than the aluminum 
composition X2 of the AlX2Gal-X2~N barrier layer by the side of a substrate in double hetero 
structure to realize [ rather than ] the high obstruction effect to the two-dimensional 
electron of a GaN channel layer. In addition, by using double hetero structure, compared with 
single hetero structure, it becomes possible to confine an electron in a channel layer a 
substrate and substrate front-face side to a channel layer using both piezo charges, and the 
effect of being effectively reducible also has electron-distribution width of face. In 
addition, since the sign of the piezo charge by which induction is carried out depending on the 
size relation of a lattice constant by the interface of **** of substrate front-face side ** 
and a channel layer and the interface of the barrier layer by the side of a substrate and a 
channel layer is reverse, that difference will arise [ the place an electron can draw near and 
an electron distribution carries out / a place / localization by both size relation ] a 
substrate front-face and substrate side. And in order to carry out localization of the electron 
distribution by the substrate front-face side and to maintain control by the gate electrode at 
the more effective range, it is important to keep large the piezo charge by the side of a 
substrate front face. For that purpose, it is required for the composition difference (X1-X2) 
of aluminum composition (XI) of the barrier layer by the side of a substrate front face and 
aluminum composition (X2) of the barrier layer by the side of a substrate to be positive. 
Drawing 7 shows an operation of the potential structure of the double hetero structure HEMT by 
this invention "AlXIGal-Xl N/GaN/AlX2Gal-X2N HEMT" (0<X2<X1 <=1) based on the above-mentioned 
argument. drawi_n_g_ m 7_ being alike — as a result of an electron's being able to draw near to a 
substrate front-face side by operation of the strong electric field by the piezo charge 
produced in the hetero interface of the both sides by the side of a substrate front face and a 
substrate, signs that electron-distribution width of face is reduced, and the channel induction 
of a more high-concentration two-dimensional electron has become possible according to the high 
obstruction effect by the side of a substrate front face are shown Therefore, by using the 
potential structure of the double hetero structure HEMT by this invention of drawing 1 
"AlXIGal-Xl N/GaN/AlX2Gal-X2N HEMT" (0<X1, X2 <=1), an aspect ratio is improved, and it becomes 
possible to increase a mutual conductance (gm) , and becomes realizable [ highly efficient 
AlXGal-XN/GaN HEMT ]. The result of the above-mentioned argument can be applied as it is, when 
InYGal-YN (0< Y<=1) is used instead of GaN as a channel layer. Drawing 8 is what showed the 
operation of the potential structure of the double hetero structure HEMT by this invention 
"AlXIGal-Xl N/InYGal-YN/AlX2Gal-X2N HEMT" «KX2<X1 <=1, 0< Y<=1), and the operation is 
completely the same as the operation shown in drawing 7 . The gestalt of implementation of the 
following invention explains the layer-structure conditions for an operation of the potential 
structure by this invention shown in drawing 7 and drawing 8 being realized. 
[0008] 

[Embodiments of the Invention] <Gestalt 1 of operation) The layer structure illustrated with 
the gestalt of this operation is shown in drawing 9 . The gestalt of this operation is AlXIGal- 
Xl N/GaN/AlX2Gal-X2N HEMT (0<X2<X1 <=1) shown in drying...! . In the gestalt of this operation, 
although sapphire, SiC (silicon carbide), etc. can be used as a substrate and GaN and AlGaN can 
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be used as a buffer layer, it is not restricted to this. It can get down to using the layer 
structure of the gestalt of this operation, and an aspect ratio can produce highly efficient 
high, high HEMT of a mutual conductance. 

[0009] <Gestalt 2 of operation) The gestalt of another operation of this invention is shown. In 
the layer structure (0<X2<X1 <=1) of AlXIGal-Xl N/GaN/AlX2Gal-X2N HEMT shown in drawing^jO The 
thickness dBl of the AlXIGal-Xl-N barrier layer by the side of difference X1-X2 and the 
substrate front face of the aluminum composition XI of the AlXIGal-Xl-N barrier layer by the 
side of a substrate front face and the aluminum composition X2 of the AlX2Gal-X2-N barrier 
layer by the side of a substrate The same effect as the gestalt 1 of operation is acquired by 
using the structure which exists in the layer-structure condition field surrounded by Line A 
and Line B which are shown in drawing 11 , Line C, Line D, and Curve E. here, since 10% of the 
limitation of Line A is required as aluminum composition in order to acquire effectively the 
effect as an obstruction of the barrier layer by the side of a substrate, the upper limit of 
aluminum composition of the barrier layer by the side of a substrate front face becomes settled 
to 90% Moreover, if, as for the limitation of Line D, the thickness of the barrier layer by the 
side of the substrate front face as a gate insulator layer exceeds 500A, since the 
concentration-of-electrons modulation effect by impressing potential to a gate electrode is no 
longer acquired effectively, the thickness of the barrier layer by the side of a substrate 
front face will become settled with 500A or less. Furthermore, the limitation of Curve E 
becomes settled from the request of maintaining the thickness of a channel layer and the 
barrier layer by the side of a substrate front face at the range from which grid relief does 
not take place. 

[0010] <Gestalt 3 of operation) The gestalt of another operation of this invention is shown in 
drM.i:D.fi...l2 . The gestalt of this operation is AlXIGal-Xl N/InYGal-YN/AlX2Gal-X2N HEMT (0<X2<X1 
<=1, 0< Y<=1) shown in drawin g 2 . In the gestalt of this operation, although sapphire, SiC, 
etc. can be used and GaN and AlGaN can be used as a buffer layer as a substrate, it is not 
restricted to these. It can get down to using the layer structure of the gestalt of this 
operation, and an aspect ratio can produce highly efficient high, high HEMT of a mutual 
conductance. In addition, In composition of an InGaAs layer cannot be overemphasized by that it 
can set up suitably besides this example. 

[0011] <Gestalt 4 of operation) The gestalt of another operation of this invention is shown. In 
the layer structure (0<X2<X1 <=1, 0< Y<=1) of AlXIGal-Xl N/InYGal-YN/AlX2Gal-X2N HEMT shown in 
drawing 13 The thickness dBl of the AlXIGal-Xl-N barrier layer by the side of difference X1-X2 
and the substrate front face of the aluminum composition XI of the AlXIGal-Xl-N barrier layer 
by the side of a substrate front face and the aluminum composition X2 of the AlX2Gal~X2-N 
barrier layer by the side of a substrate front face By using the structure which exists in the 
layer-structure condition field shown in drawing 11 , the same effect as the gestalt 2 of 
operation is acquired. 
[0012] 

[Effect of the Invention] It is effective in that an aspect ratio is high and a mutual 
conductance (gm) can realize highly efficient high AlXGal-XN/GaN HEMT and highly efficient 
AlXGal-XN/InYGal-YN HEMT by the HEMT which has the double hetero structure which this invention 
mentioned above. 

[Translation done. ] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated, 

3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] Potential structural drawing of AlXIGal-Xl N/GaN/ A lX2Ga 1 -X2NHEMT (0<X2<X1 <=1) 
illustrated with the gestalt of operation of this invention. 

lMminEj£L Potential structural drawing of AlXIGal-Xl N/InYGal-YN/AlX2Gal-X2N HEMT (0<X2<X1 
<=1, 0< Y<-1) illustrated with the gestalt of operation of this invention. 

[Drawing 3] Potential structural drawing for explaining an operation of HEMT of this invention. 

lPx^lJ18'....ll Potential structural drawing for explaining an operation of HEMT of this invention. 

[Drawing 5] Potential structural drawing for explaining an operation of HEMT of this invention. 

I^IMi.ng.Al Potential structural drawing for explaining an operation of HEMT of this invention. 

[Drawing 7] Potential structural drawing for explaining an operation of HEMT of this invention. 

.0&"M:iRS„..?.l Potential structural drawing for explaining an operation of HEMT of this invention. 

[Drawing 9] The ** type view of HEMT of the double hetero structure illustrated with the 
gestalt 1 of operation of this invention. 

Ii^^lD:g.J„Ql The ** type view of HEMT of the double hetero structure illustrated with the 
gestalt 2 of operation of this invention. 

[Drawing 11] Drawing showing the layer-structure condition field of HEMT of the double hetero 
structure illustrated with the gestalten 2 and 4 of operation of this invention. 
[Drawing 12] The ** type view of HEMT of the double hetero structure illustrated with the 
gestalt 3 of operation of this invention. 

[Drawing 13] The type view of HEMT of the double hetero structure illustrated with the 
gestalt 4 of operation of this invention. 
[Description of Notations] 

1 — Substrate 

2 — Buffer layer 

3 — aluminumO. 3GaO. 7N barrier layer 

4 — GaN channel layer 

5 — aluminumO. 15GaO. 85N barrier layer 

6 — Substrate 

7 — Buffer layer 

8 — AlX2Gal-X2-N barrier layer 

9 — GaN channel layer 

10 — AlXIGal-Xl-N barrier layer 

11 — Substrate 

12 — Buffer layer 
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13 — aluminumO. 15GaO. 85N barrier layer 

14 — InO. 05GaO. 95 N-channel layer 

15 — aluminumO. 3GaO. 7N barrier layer 

16 — Substrate 

17 — Buffer layer 

18 — AlX2Gal-X2-N barrier layer 

19 — InYGal-YN channel layer 

20 — AlXIGal-Xl-N barrier layer 



[Translation done. ] 



(19) B*BWff/f (J P) (12) £t fffl ^ jfr & ^ (A) (ll)ttfKHHftRHre 

#|§¥1 1-274474 

(43)&R3B ^11^(1999)10^8 0 



(51)IntCl. & MB* F I 

H0 1L 29/778 H0 1L 29/80 H 

21/338 33/00 C 

29/812 HOIS 3/18 

33/00 
HOIS 3/18 

ai« ^SfcR S#^<Z>ft3 OL (*9I) 





ftiWO-69617 


(7i)taeu 


000004226 












¥$10*f (1998) 3 3190 




«^»=f f^BaEyc^i»r-Ts 3« m 








mm st* 








«Sl5»Tl&KES^=Tai9«2^ 0* 






(72)3?^ 










3)OfcMrtt&H$r*&=TB19#2# 0* 














(72)|gtB# 










jwaRif»EaaffeHTii9#2^ 0* 














(74)ttSA 


#8± (^2«) 



(54) mwozffi 



(57) [Sft] 

[Uiffi] A IxGai-xN/GaN^-fnffijg^-t^H 

SMOKM*. GaNtKISInGaNHWf 
fcJlfA lxGai-xN^&SKg^EIISD 

OA 1 SraicOPfMl<7)A 1 0 < 



%i Ga ioa N /^/%2 Ga i-x2 N hemt 




1-0>X, >X 2 >0 



^Xl^l-XlNlWSJB 



^X^l-X^ 



GaN ■f--^^;^ 



(2) 



J¥ 11-274474 



1 
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[0001] 

[0 0 0 2] 

[ft#<7)&»] A lxGai-xN/GaN^rafll)i£^r 
-fhmnrFWlfeYyVi/X? (HEMT) tai x G 
ai-iN/GaN HEMTj fct AlxGai-xN/Ga 
N^rnflBStfittS^S^eSlflPRSa (A lfflfifcx 
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fcV^T. A lxGai-xN/GaNA^nfiijStCfc^T 
fi. A lxGai-xNiltGaNBt^lSlWt&^^S^fc: 

A 1 iGai-iN/GaN H E MT^£ £>&&;S 
[0003] 

[BbJJjWB&UJ: 5 ff 6HUII] #3S9i*5BWtt. A l 
iGai-i N/G a N'vrnfitjtSrWfl) HEMTtfcU 

fflUtfrU^'A-'f x$3tt ± -of , ^xofijgf-v * 



[0004] 

t)«T*s. -rfc*^, ii*iitiBa<oj; 

•5t. g*K±Kftl!L*:A lxGai-xN^&S&taRJ 
<9R®JI. GaN&L<(iI nGaNft^SrS-f 
10 Jfls fcitfA lxGai-xN*^^^S^Mc0^fl 

a i . ±feas«ffl<7)^sc7)A i mau o t> 
< « ifz^mfamw. t -t * t ox* & . - <o i -5 1* 

ffifeffl<7)jK*<7)A lxGai-xN/GaN, t«SAlx 
Gai-xN/I nGaN^fD^ffi(Ct5(tl.h-xy-$)jS 
S-ffl^T. GaNifclil nGaNf-^M%0 2&7C 
ff^fMlfcljJSKtt'hU A*o. SKUSIROA 1 x 
20 Gai-xNJ8<0A l*BdtX*ift*rf|.ittJ:-oT, ± 

ttlfrf^&ittfcStf S*>"<\ *«0*S*. 

«7 3 b TORK 2 iKJEVF £ fff & H E M T 

(g.) i7)iSV^ttggHEMT^f^fl.l>^mA { ?)S„ 

v . *ivma i ymR^EffiiJOBM^^fllf ins 

iem<7)J;-5fc, w*Jiii/it±ii^3i2tfcv^T. 

SffiiaiOKSifcOA l fflffefc , aWoKSJfWA l ffl 

01 lH^iX-g»ISA. IB. HC. $iD 
*5 J: lA'flJI E T-H S S $BfflOl«^fr fl«f*i (c ft & 



.«J:o(c. HI 1 tip 

40 it*''©<, ( g.) <0KV>iSttfj£H 

[000 5 ] 01 Hi. *3£BflOA lxiGai-xiN/G 
a N/A 1 xiGai-nN HEMTiOJf^jf ( 0<X 2 < 
Xig 1 ) KtsftiJiflBiftfHiWSrSf fctfD-efto 
? , JSEtt(C*SiSffi(i]« A 1 x i G a i - x i NPSS^cO A 1 
ffljSXik. SMfflcOA lx 2 Gai-x2N|ifgJIcr)A lffl 
f&XzbcOAimmm (Xi-Xj) 5rk 0. fitttt« 
^ffliJcOA IxiGai-xiNISfUJfCO/fU (d B i ) Zt-> 

tzmftmmmza^T , wmwA 1 m&m ( x. - x 2 ) 

50 0.9k««Wl»SB«iBJ» (dsi) 1 00Ato3cS 



3 

jS ( a ) irmftA t , ±_ttt£A ( a ) frt,^ mm 

(?)A 1 Mi ( Xi - X 2 ) 0 . 2 fc $«i^Itl^JIII 
(dei) 5 0 0AfcO3EHar (b) £?cr>±MmMCO 
mW ( dBi ) ^^KW^RRffSr^fftttEfc. ±££ 
H£ ( b ) *^««|±*tC0*i[<?5|fe^D fc . 
0.94 T<7>I8# B fc J: l>'««i<£) 5 0 0 A £ Tffflft C 

[0006]*»AhGai- x N/GaN HEM 

^?h±tZfa±l, ffll^y^^yx (g.) 

^*/Wf£. 20^A lxGai-xNItlliiTl^^jA^ 
^771/ ■ A,xn«JSSfflv^Si tiaras, 

^/HH^SB/J^ff^lgfcJi. A 1 x G ai-x Nl^MHOA 

h> — *\ A lxGai-xN/GaN^rnfiBStfe^T 
f±, A lxGai-xNJftGaNJltfOHcOtS^S^eH 

^<*tTV^O^-ttt, a i«j£x= i. oicfcu 
T3X1 0 1 Vcm 2 fcV^ffi^T*#&:E*6^l3t 
(7)h"xy'^^f-nffH^tS g Ah 
Gai-xN/GaN H E MTcOfSff £fi= 0 BlfcU. il^ 
(7)i/y^> • ^rn«itHEMTcO^-)T-$)oT 

ffiffllfc i VWmnWin A 1 x G a i - x N / G a 
ScfflM?)A lxGai-xNigcOA l«X^f^:h 
^^/hSv^Bj8ft2ifc7CS^S:^r&SttffiA l xG 

ai-xN/GaN H E MTHJ|L, 

[0 0 0 7] aifcJ;tfll2C, *ISMBtciS^^- 
n ffijt H E M T«f y ^ /MfiS<7)8fc$:ia £ ^ 
i\ ilil ^ffl&R\fZ-i.hjf7)V - \fo]|jaHEMT 

rAhiGai-xiN/GaN/Ah2Gai-K2N HE 
MTj (0<Xi, X 2 ^l) c0^f->-^^«3a^ttt 

HTft 6 . H l eo^x v v^^^coS^Srt«Sli. 

&i<>\ *^ffiffl|C0A 1 KiGai-xiNP3i!Ji^ 
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A HMXi^SSM^A 1 x2Gai-x2Nf»!UlC9A 1 
fflWtX 2 J:"5t>*SV^ T'£>&. H2ti. ^W-i 
S^TVU- ^f-ntfiSHEMT TA lxiGai-xiN/I 
nvGai-vN/A lxzGai-xzN HEMTj (0< 
Xu X 2 ^K 0<Y^1 ) tOzK^y^^^flfiS^IR* 
HT\ HI fc^Uc^ajJS:. -f^/Wlk tT I nv 
Gai-YN (0<Y^1) fcffl^fc*£fc3SJSUti<!9 
E2^^y^^;UffiitcoS*6^ffi<i-. Hi 

io mii&£vm2x^Lttm\i£X&#Tyi'*t\'m 

<&&L%^t Lrz%r&<ny?n' ■ ^xnjgitA l xG 

ai-x N/ GaN/A 1 x G ai-x N HEMWf^ 
*/WB*k 2a^^*^»^t«SWK^Lfci 

HEMT^ii^^-y^ • ^xU^inHEMTttt^ 

JfrFMte J: ^*^^t o xym*^a^itr§^^^ 

7'Vl/ • 'vf-uf&EA l xGai-xN/GaN/A hGa 
i-xN HEMT(7)^yv^^tt^2^S^^ 

^)Sf?:W:*L^^T^i,, H4ttt % mum 

30 fc„ ^77P • nflfiftfc J: 0 trxys^Sftft^SMIW 
Cfflv^^tCiot, 2i^7C«^»?6Bo^h^iE 

2WI«B^mBfflfc*^v^T trxvTEW^3ffl*t»S 
ifcs&STSS^ i0»««fca. ^-v*/kJB±5J:^* 
40 iEasSffl^RfiJI^JHff & s BSIWRWfilTt S <! fc 

ffl^-c^r. H5«. t:xy^fiwswi3&teqt^s«^^ 

■^y^- ^rnfllJiA lxGai-xN/GaN HEM 
TKfeV^T. AlxGai-xNPf^fl^A lffl«;X^«^ 

Ltz m<7)x t>>- v/vmv&mt £«i j« w ^ ^ L)t fc <n 

WlSeFTffi^i; aCAhGai-K NP«M^iS< C: 
t^-CtSai^^SilTt^. HSfctsWCfcL Al 
50 xGai-xNWHJfcOA lffl^XA^ B#ffiX = XHs4-C 
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(±A hGai^N/GaN^nM:^7^ 7 fg 

6Ji. ^7*71/ - ^f-nlf^A lxiGai-xiN/GaN/ 
A 1 x 2 Gai -X2 N HEMT(C&WC . ^UMMM^A 1 
xiGai-xi N|®lt)l<7)A 1 fflj£X£Xi = Xz = Xii)^ 
Xi=XHD*-CSl5fci3ttl>BB*fiX = XHS (Xhs<X 
hd) ^MT^J^^^fyyt^MK^ 

Jlfcfc ItSGa N/l^M^fg^SMJ^ A 1 x i G a 
l-xaNJffcJoT^T'V^fcdbfc. ^R^MflOA 1 10 
x i G ai-xi N$mm<OA 1 ffij£Xi SrH5^^y^ ■ 

^T-oflBati5JtiBMWix = XHs«J: 0 £>±# < LTX 
2=XHD>x H s<^j;?(;rt£c:fc ^ "TflEr * s 

»««BfflJcOA 1 xiGai-xiNffMii^A l|MXi£ 
1SI^)A lx 2 Gai-x2NP5Hii^A 1 mkXi£ ) 0± 

%<th^tt<Z£^X, G a.^^^m^2wtmr 

(Xa) k<7)fflj&l£ (X1-X2) tfjE?Jh&<lttf<m 

xhi. mm. *wwi£iy7)v- *<tuw&ue 

MT r A lxiGai-xiN/GaN/A 1 x2Gai-x 2 N 
HEMTj (0<X2<Xi^ 1 ) CO^y-y^^^m^) 

^m*. ±s^mzm^xmLtzi><D-ch& . muz 
i±. mmmmmh^mmm^Mif^^^z^t 

trxy-SSft J; SSS^SW^fflt J: oTSWSS 40 
, SS*ffifflI^^»fiS&M^ J: ^ X i 0 iSJISJK<7) 

ixtv^ a Lfc*^r. mico^mzih¥7}i< • s\ 

7^ufg}iHEMT f"A UiGai-xiN/GaN/A 1x2 
Gai-xsN HEMTj ( 0 <Xu X2 ^ 1 ) <DtfT> 

k&0. iStt^A IxGai-xN/GaN H EMTO 



TGaNOftfo^fcl nvGai-yN (0<Y^1 ) £18 

xiGai-xiN/I nY Gai-yN/ A lx2Gai-x2N H 
EMTj (0<X2<Xi^U 0<Y^l)«fyi/ 
^^ISJa^ffl^Lfefc^-C. ^fftfltd@7C?K5 

[0008] 

[» H ^H*<?)»SR] <Htfc^B 1 > ^*o»jirc 

S^LfcA I xi G ai -xi N/GaN/A InGai-xjN 
H E MT ( 0<X 2 <Xi^l ) *HS80JBSt 

N^AlGaNjfflUS;tmM\ iixfcKfetL 

st>^a*v\ ^mmmmcommmzm^&zkiz 
[0009] <mm^mm2 > *»0^i^satco^fi8 

01 Ol^LfcA 1 xi Gai-x 1 N/GaN/A 
lx 2 Gai^x2N HEMTt^/fffi^ (0<X 2 <Xi^ 
1) fcfcWC, SffiEStffifflcOA lxiGai-xiNFSMJlO 
A lffljffiXii, «M^0A lx2Gai-x 2 NP5M/iOA 
l»gX2kcollXi-X2. &£TfMWtmmM<OA\n 
Gai-xiNPSSJi^JgJ?dBit3^\ [21 lfc^SftS, 
ISA. «C, «RDiJj;Vfl|8EKH*tL6flflBa 

mmitnm^%m v i^fih. zzx\ mAcom^ 
iz, mLMnmm&m^tLx^m^mzmfz 

tf>W±. A 1 Lt 1 0%^iST*^ 1 1^^>, 

itznm h z 1 1 i hm^m&^mm^^z 
[0010] <mmcDBm>*mnm\cDm&comm 

Gai-xiN/T nvGai-vN/A lx2Gai-x2N HE 
MT (0<X 2 <Xi^K 0<Y^1) X*fo h * *HSfi 
cO®ffiCt>^T, mmtLX^ t7r^fT^S iCf 
2rffl^SJik^-c#. ^ : 7 7r-l!: UTtiGaN^A 
lGaN^^;t^tH*\ iflfetK^JlSfc 

9. hJt^<ffl5r7y^^^y^c7)^^tt 
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te&HEMT£ff*^6£fc**TS&. InGa 
AsJBcOI nffltfEtt. Cl^W^tCfcailftgTSSi 

[0011] <|gJft<7>JBJBi4 > *»HBtfr>jjg<ol3S^m[ 

£r^1\ 01 1 xi Gai-xi N/I nyGa 

i-vN/AlnGai-xxN H E MT(^jf fitjji ( 0 < X2 
<Xi ^ 1 , 0<Y^ 1 ) tC&WC. M^EffjOA 1 
xiGai-xiNRHJgCDA 1 3fij£Xi fcS^^HHHkDA 1 
x2Gai-x 2 NP§IgJI<OA lfflj£X 2 fc^SXi -X 2 , fc 
itfSffiSHfflJ^OA lxiGai-xiNPSSJf<7)JIJ?ciBi k 10 
*\ [Ml lK*3aS««ja^««rtfcffStSflBg 

[00 12] 

, Mny^^yx ( ) A^v^tt^A 

UGai-xN/GaN HEMTiJ i^ftfgA 1 x G a 
1-jtN/InyGai-yN HEMT£|^T£ 

&<> 20 

[Hi ] *%B^IQS^®rM^LtA lxiGai-xi 
N/GaN/AlnGai-nNHEMT (0<X 2 <Xi 

^1 ) co^yiy^jummm. 

[02] ^MWSTfKL^A lxiGai-xi 
N/ I nyGai-yN/ A ] nGai-nN HEMT ( 0 

<x 2 <xi^i N o<y^i ) <n#T>'isv/m'&m 9 

[04] *^HEMT^ffl^iiiBBtSft^^f 30 



8 



[06] *»H E MT*ffl^ » J^M^f 



[07] *»B^HEMT<0*fflfci!HBtJ^*r 

yy^^mmm. 

[09 ] 1 x^L^^y^^n 

[010] *»qHtf0*tt*?MK» 2 X'frfc Uz rf)\^<f 
nfflit^HEMTcO^0 o 

[0in *wmm^im2hm4x*mmLtz¥ 

[012] *%BH<^j|(|j£o^3VWSL^^I^r 

[013] *%^SIJ6^B^4rMSL^^7>^f- 
nff^CO HEM T^^EL 

3- A lo.3Gao.7NPiMl 

4- GaNft^/H 

5 — A 1 0. i5Gao.85NP^^^ 

6- 
7... 

8- 
9... 

1 0 
1 1 
1 2 
1 3 
14 
1 5 
1 6 
1 7 
1 8 
1 9 
20 



A lx 2 Gai- X 2NPfMil 
•AlxiGai-xiNPfUJI 

A 1 o. i5Gao. saNpglg/l 
I no. 05 Gao. 9&N^-v^;W 
A 1 o.sGao. 7NK|gjf 

A lx2Gai-x2 NWMJS 
I nyG ai-yN-f-^^UH 
AlxiGai-xiNRUB 
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[01] 



1-Q>X ] >X 2 >0 ) 



^X2 Ga l-X2 N ^® 



[02] 
gl 2 

Al XI Gaj_ xl N/InYCTaj.Y N / AI X2 Ga l-X2 N HEMT 



i.o>x 1 >x 2 >o 



(1.0>Y>0) 



[03] 
0 3 

A1 X Ga l-X N ^ 3aN ^ A1 X Ga l-X N 




M X Ga l-X N 

«kX<l) J 



jl ^X Ga l-X N ^ 
(0<X<1) 



[04] 
MA 

AI X Ga I-X N/GaN/A1 X Ga l-X N HEMT 




B^iMl 
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16] 



05 




[H7] 
B7 

A1 Xl Ga 'l-Xi N/GaN/A1 X2 Ga l-X2 N ITEMT 




[08] 
08 

Al Xl G ai _ xl N/In yOa 1 . Y N/Alx2 Ga l-X2 lir IIEMT 







i.o^x 1 >x 2 >o 



(1.0 > Y>0) 



Al Xl Ga i-Xl N KSW A1 X2 Ga l-X2 N 
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[09] 



gl9 



1010] 



[H 1 0 



AJ X ] Ga l-X j N/GaN/Al^Gaj.^N 



5~| 
4- 



AI 015 Ga o85 N K&m 



100 A 
SO A 



20A*d Bl 

20A^d c $80OA 

l(X)A^d B2 



iooo A 10 



8- 



1.0>X1>X2>0 



%l Ga l-Xl N * K * 



GaN^Y^Jl^ 



Bl 



l B2 



A^a^N^H®?) 



1.0 - 



0.2 - 



[Ell] 



1 1 




✓-0 



100 200 r 300 400 500 A 



[121 2] 



1 2 



A1 0.3 Ga O.7 N / IjQ 0.05 Ga 0.95 N/AI O. IS^.SS 1 ^ 



15- 
14- 



13 — 



12- 



11- 



AIq jGaQ 7 N WSM 



100 A 

/iff 

80A 

10OO A 
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[013] 



m 1 3 



A1 Xl Ga l^Xl N / In Y <3a i-Y N / AI X2 Ga l-X2 N 



20A^d B1 
100A^d B2 



1.0^X1>X2>0 | 



(l.OfcY>0) 



19 



18 



17- 



16- 



20 — - A1 Xl Ga l-XL N 



Bl 



B2 



